C
rohn's disease (CD) is a multifactorial polygenic disease characterised by chronic inflammation of the gastrointestinal tract. 1 Several diagnostic criteria have been proposed, usually relying on clinical, endoscopic, radiological, or histological criteria. [2] [3] [4] So defined however, CD is still a heterogeneous entity. The disease can present in various forms, for example depending on its location, its inclination to develop anatomical complications, or response to treatment. 5 Recently, NOD2/CARD15 has been disclosed as the first gene associated with CD by two independent groups 6 7 and rapidly confirmed by others. 8 Three independent mutations within NOD2/CARD15 (one frameshift mutation (1007fs) and two missense mutations (R702W and G908R)) have been found to be associated with CD in Caucasians. However, from recent data, it appears that only 25-43% of CD patients carry at least one of the identified NOD2/CARD15 mutations. [9] [10] [11] These data confirm and emphasise the heterogeneity of CD. Among the multiple subphenotypes proposed for CD, age at diagnosis, location, and pathological behaviour (including development of penetrating or stricturing lesions) have recently been considered by a panel of experts as the most relevant and potentially genetically determined, and were therefore included in the newly proposed "Vienna classification" of CD (table 1) . 12 NOD2/CARD15 variants have been recently associated both with young age at onset 9 10 13 14 and small bowel location.
9-11 13 15 The behaviour of CD is clinically relevant as it is associated with the development of complications and need for surgery. †Limited to the terminal ileum with or without spill over into the caecum. ‡Any disease location proximal to the terminal ileum regardless of additional involvement.
¶Occurrence of constant luminal narrowing (radiological, endoscopic, or surgical) with prestenotic dilatation or obstructive signs, without penetrating disease, at any time in the course of the disease. §Occurrence of intra-abdominal or perianal fistulas, inflammatory masses, and/or abscesses at any time in the course of the disease. Perianal ulcers, but not skintags, are also included.
We have recently shown that the behaviour of CD changes over the course of the disease. 16 The majority of patients present with non-stricturing non-penetrating disease at diagnosis while after 25 years the majority harbour either a stricturing or penetrating pattern. This changing behaviour may still be determined by both genetic and environmental factors that may influence its inclination and speed of evolution. An association between a stricturing pattern and NOD2/CARD15 variants has recently been suggested 9 17 18 but the NOD2/ CARD15 genotype was not uniformly found as an independent factor. 10 13 19 The only environmental factor clearly associated with CD is active smoking. Smoking is significantly more frequent in CD than in healthy controls. 20 Smoking has also been associated with more aggressive disease 21 22 but not with other clinical or biological characteristics, particularly CD behaviour. Besides smoking, the demographic and clinical characteristics of the disease, including treatments used, may influence its changing behaviour. Antisaccharomyces cerevisiae antibodies (ASCA) represent the main serological marker associated with CD. 23 24 ASCA have not been definitively associated with particular features of CD although an increased prevalence has been described in small bowel CD 25 26 and higher levels have been suggested in disease with early onset, as well as fibrostenosing and internal penetrating disease behaviours. 26 Overall, these data suggesting an association between NOD2/CARD15 or ASCA and disease behaviour are flawed by different definitions of disease behaviour and by the absence of consideration of evolution of this behaviour over time.
The aim of our work was to look for an association between evolution of CD behaviour, defined according to the validated Vienna classification, over the first five years after diagnosis on the one hand and NOD2/CARD15 genotype, smoking habit, ASCA, and various clinical and demographic characteristics on the other.
PATIENTS AND METHODS

Patients
A total of 163 patients with a firm diagnosis of CD according to the criteria of Lennard-Jones, 2 classified as non-stricturing non-penetrating disease (B1) at diagnosis based on the Vienna classification, 12 and regularly followed at our institution (CHU Liège, Clinique St Joseph Liège) were studied. Patients gave informed consent for the study. These patients formed part of the population in which we previously studied evolution of CD characteristics over time according to the Vienna classification. 16 For all of these patients, we recorded age at diagnosis, location and behaviour of the disease at diagnosis and after five years of evolution. After five years, according to the Vienna classification, CD was classified as: B3 in the case of intra-abdominal fistulising lesions or the existence of perianal disease (including abscess, fistula, or Crohn's fissure); B2 when significant strictures were present in the absence of penetrating disease; and B1 in the absence of stricturing or penetrating lesions.
Patients were defined as smokers if they smoked at least seven cigarettes/week and non-smokers if they had never smoked or had stopped smoking before diagnosis of CD. Information on smoking was available in 127 patients. Three of these had stopped smoking after the onset of CD and were excluded from the analysis.
A familial form of the disease was defined as the presence of an inflammatory bowel disease in a relative, whatever the parental degree. This information was collected, asking the patient whether he had a relative with CD or ulcerative colitis. If possible, the relative was then personally contacted to confirm these data. In case of doubt, the general practitioner or gastroenterologist in charge of the patient was also contacted. This information was regularly updated during follow up.
ASCA status was defined in 90 patients for whom we had a serum sample dating back to the time of diagnosis, by commercial ELISA (Medipan Diagnostica, Selchow, Germany), according to the manufacturer's instructions. Investigators who determined ASCA were blinded to the behaviour of the disease. Patients were considered as ASCA+ when either ASCA IgA or IgG was present.
The number of flares per year was evaluated retrospectively based on patient medical notes. A flare was considered when the physician in charge of the patient (EL, FF, MD, JB) documented it in the notes and changed the treatment accordingly. As patients had exclusively non-stricturing non-penetrating disease, these flares were characterised by a combination of digestive and general symptoms, including diarrhoea, abdominal pain, fever, weight loss, worsening of the general physical condition, or systemic manifestations. The number of flares was calculated until the development of stricturing or penetrating disease or over the first five years of the disease for patients who remained non-stricturing non-penetrating. A mean number of flares per year was then calculated for every patient. The information in the medical notes was available and judged to be reliable for 126 patients.
The number of steroid courses was also determined retrospectively from patient medical notes. As for flares, the number of steroid courses was calculated until the development of stricturing or penetrating lesions or over the first five years of the disease for patients remaining non-stricturing non-penetrating. A mean number of steroid courses per year was then calculated for every patient. The information in the medical notes was available and judged to be reliable for 126 patients.
Reliable information on immunosuppressive treatment was available in 145 patients. Only 24 patients had taken azathioprine during the first five years of the disease. Sixteen had started azathioprine after the development of penetrating disease. The remaining eight patients received azathioprine because of steroid dependent or chronic active disease. In these patients, the number of months of azathioprine treatment before the development of a penetrating or stricturing disease or over the first five years of the disease for those who remained non-penetrating non-stricturing was calculated.
Demographic and clinical characteristics of the patients are shown in table 2.
NOD2/CARD15 genotyping
In 98 patients, DNA was collected and genotyped for the three main variants of NOD2/CARD15 that are associated with CD (OMIM 605956), as previously defined. 6 In this initial report, the nomenclature of mutations was derived from the sequence of IBD1. This sequence is identical to the smaller open reading frame of NOD2/CARD15 described by Ogura and colleagues. 7 However, an alternative open reading frame, characterised by a translation initiation site located 81 nucleotides above the smaller one, was also reported by Ogura et al. Others have recently proposed this sequence as the sequence-reference for mutation annotation. 8 In order to avoid confusion, we therefore used this new method of annotation in the study, which is easily deduced from the initial one by adding 27 to the initial number of the mutated amino acid.
The missense mutation R702W (ex R675W) (SNP8, GenBank accession No G67950) was genotyped by an allele specific polymerase chain reaction (PCR) procedure. After amplification (primers: 5′-ATC TGA GAA GGC CCT GCT CC-3′ (wild-type, forward), 5′-ATC TGA GAA GGC CCT GCT CT-3′ (mutated, forward), and 5′-CCC ACA CTT AGC CTT GAT G-3′(reverse), annealing temperature 58°C, 30 cycles), the PCR products were loaded on a 2% agarose gel with internal controls. Genotypes were directly deduced from the migration profiles. The missense mutation G908R (ex G881R) (SNP12, GenBank accession No G67951) was genotyped by a PCR-restriction fragment length polymorphism procedure. In brief, after PCR (primers: 5′-CCCAGCTCCTCCCTCTTC-3′ and 5′-AAGTCTGTAATGTAAAGCCAC-3′, annealing temperature 55°C, 30 cycles) the 380 bp products were digested by the restriction enzyme Hha1 (Gibco BRL) and electrophoresed on a 2% agarose gel. The profile of the G908R variant was characterised by two bands (138 bp and 242 bp, respectively). For the frameshift mutation 1007fs (SNP13, GenBank accession No G67955), PCR products using fluorescently labelled primers (5′-GAATGTCAGAATCAGAAGGG-3′ and 5′-CTCACCATTGTATCTTCTTTTC-3′, annealing temperature 55°C, 30 cycles) were loaded on a 377 ABI Prism automatic sequencer. Genotypes were deduced from the sizes of the PCR products: 230 bp (wild-type) and 231bp (1007fs, ex 980fs). Investigators who determined NOD2/CARD15 genotypes were blinded to the behaviour of the disease.
Statistical analysis
Statistical analyses were performed using SAS 6.12 software. We initially used univariate analysis to study the association between evolution of disease behaviour (determined by disease behaviour five years after diagnosis-B1, B2, or B3) and each of the described factors, using either a χ 2 or KruskalWallis test, as required. In addition, a subgroup analysis was performed for patients who became B3 (penetrating disease): these patients were subdivided into intra-abdominal penetrating disease and perianal penetrating disease.
A multivariate analysis was then performed using stepwise discriminant analysis. This multivariate analysis was performed on a subgroup of 83 patients for whom we had complete data. A p value <0.05 was considered significant.
RESULTS
Disease behaviour evolution
After five years of evolution, the behaviour of CD was classified as still non-stricturing non-penetrating (B1) in 110 patients (67.5%), stricturing (B2) in 18 patients (11.0%), and penetrating (B3) in 35 patients (21.5%). Demographic and clinical characteristics, as well as NOD2/CARD15 genotype and ASCA status in these subgroups are showed in table 3.
Association between evolution of CD behaviour (B1, B2, or B3) and demographic, clinical, and biological characteristics: univariate analysis In univariate analysis, disease location, number of flares per year, number of steroid courses per year, and ASCA status were significantly different between the three groups, while smoking and familial form were borderline for significance (table  3) . There was no association between NOD2/CARD15 genotype (defined as variant carriers or not, or as wild-type, simple heterozygotes, compound heterozygotes, and homozygotes) and evolution of CD behaviour (table 3) . There was no association between various NOD2/CARD15 variants and evolution of CD behaviour.
Association between evolution to subtypes of penetrating disease (B3) and demographic, clinical, and biological characteristics: univariate analysis When intra-abdominal and perianal penetrating disease were analysed separately, significant differences were found. Location at diagnosis differed significantly between these groups, with proportions of L1, L2, L3, and L4 being 83.3%, 8.3%, 8.3%, and 0%, and 13.3%, 40%, 40%, and 6.7% in intraabdominal and perianal penetrating disease, respectively (p=0.004). When perianal penetrating diseases were excluded from the group of penetrating disease (B3), the association between location of disease and disease behaviour was still significant (p<0.0001). Smoking was significantly more frequent in perianal (86.7%) than in intra-abdominal (45.5%) penetrating disease (p=0.03). However, the association between smoking and evolution of disease behaviour was still borderline significant when perianal penetrating disease was excluded from the group of penetrating disease (p=0.057). No other significant difference was found between intraabdominal and perianal penetrating disease. As regards the association between evolution of disease behaviour and clinical, demographic, or biological characteristics, when those with perianal penetrating disease were excluded from the group of penetrating disease, apart from location of disease and smoking habit, the association also remained significant for the number of flares per year (still higher in penetrating disease (p=0.001)) while there was no significant association for the other parameters.
Association between evolution of disease behaviour (B1, B2, B3) and demographic, clinical, and biological characteristics: multivariate analysis In multivariate analysis, only location of disease and number of flares per year were selected when comparing the three groups (p values for these parameters in the model were 0.0009 and 0.0001, respectively; the p value of the model was 0.0001). When patients who became B2 were compared with those who remained B1, only disease location was selected (p value of the model 0.0001). When patients who became B3 were compared with those who remained B1, both the number of flares per year and smoking were selected (p values of these parameters in the model were 0.0001 and 0.02, respectively; the p value of the model was 0.0001). Finally, when patients who became B2 were compared with those who became B3, the number of flares per year, location, and existence of a familial form of the disease were selected (p values of these parameters in the model were 0.0004, 0.001, and 0.04, respectively; the p value of the model was 0.0001).
DISCUSSION
We previously showed that CD behaviour changed over the course of the disease. 16 Theoretically, both genetic and environmental factors could influence this changing behaviour. The present data indicate that evolution of disease behaviour over the first five years is influenced by disease location, number of flares per year, and smoking habit, but not by NOD2/CAD15 genotype. The behaviour of CD represents a major characteristic of the disease. Penetrating and stricturing phenotypes are associated with the development of complications and need for surgery. An attempt to identify markers or factors that are associated with these phenotypes is motivated by the need to predict this behaviour to be able to select patients for appropriate early management. Such an association between phenotype and clinical, demographic, or genetic factors may also help to understand the mechanisms underlying phenotype development. Studies on disease behaviour have been hampered by the variability of classifications used [27] [28] [29] and by their unsatisfactory degree of inter-rater agreement. 30 More recently, the Vienna classification has been proposed which aims to stratify patients on the basis of widely accepted and reproducible criteria. 12 Its reproducibility has recently been confirmed to be good. 31 A certain degree of constancy of disease behaviour has been suggested by some authors on the basis of surgical indications. 27 32 33 The significantly conserved behaviour in multiply affected families has also suggested that this behaviour could be at least partly genetically determined. [34] [35] [36] However, using the Vienna classification, and carefully reviewing the medical history of individual patients, we have demonstrated a dramatic change in disease behaviour over the course of the disease. 16 This is not necessarily in contradiction with previous studies but indicates that the disease behaviour of CD cannot be analysed without taking into account the duration of disease. After a certain duration of disease however, some characteristics of disease behaviour may be more stable or even fixed. 16 To analyse the factors potentially involved in disease behaviour determinism, we studied a homogeneous population of uncomplicated disease (B1) at diagnosis and over a predefined duration of follow up. We looked at rapid development of penetrating or stricturing disease (within five years) to identify factors strongly influencing the development of such complications.
The two main factors independently associated with change in disease behaviour within five years after diagnosis were ileal location of the disease and number of flares per year. Ileal location was essentially associated with the development of stricturing disease and was not a discriminant factor between penetrating disease and non-stricturing non-penetrating disease when only these two phenotypes were compared. However, when penetrating disease was divided into intraabdominal and perianal disease, ileal location was significantly more frequent in intra-abdominal than perianal penetrating disease and it reached, in the first subgroup, a frequency similar to that observed in stricturing disease. This association between stricturing disease or intra-abdominal penetrating disease and ileal location has been described in studies of disease behaviour based on surgical series, irrespective of the duration of disease. 27 37 One explanation for the association with stricturing disease may be the smaller diameter of the gut lumen in the ileum than in the colon, making functionally significant strictures more likely to occur. Another explanation could be the nature of the immunoinflammatory reaction in the ileum compared with the colon, but such a difference has not yet been clearly demonstrated, although the number of Peyer's patches is greater in the ileum than in the colon and may influence the mucosal immunoinflammatory reaction. 38 The development of intra-abdominal penetrating lesions may in itself be favoured by downstream strictures in a subset of patients. 39 A high number of flares of the disease per year was essentially associated with the development of penetrating disease (intra-abdominal as well as perianal penetrating disease) and was not a discriminant factor between stricturing and non-stricturing non-penetrating disease when only these two phenotypes were compared. Again, this is not unexpected as penetrating disease is often a clinically more aggressive disease. The development of penetrating lesions could be a consequence of the severity of the inflammatory reaction at the mucosal level. In contrast, stricturing disease can often be silent for a long time, manifesting only when the stricture has developed.
Active smoking was more frequent in patients who developed penetrating but also stricturing disease. It was independently associated with the development of penetrating disease when patients who developed penetrating disease and patients who remained non-stricturing non-penetrating were compared. This association between smoking and penetrating disease was particularly pronounced for perianal penetrating disease. Smoking has previously been associated with more aggressive CD 21 22 but not specifically with penetrating or perianal complications. The effect of smoking could have been related to an effect on disease severity and number of flares. This association was however independent in the present study. The mechanism by which smoking may favour penetrating lesions, as well as more aggressive disease, remains to be elucidated.
Globally, as previously discussed, factors associated with intra-abdominal or perianal penetrating disease are not the same. Indeed, if a more aggressive disease (defined by the annual number of flares) seems to be associated with both subtypes of penetrating disease, it is not the case for ileal location, essentially associated with intra-abdominal penetrating disease, or for active smoking, more associated with perianal disease. These data suggest mechanisms at least partly different for the development of these two types of penetrating disease. Furthermore, in our series, only a small minority of patients harboured both intra-abdominal and perianal penetrating disease. Therefore, they maybe represent distinct entities and should perhaps be studied independently.
When patients who developed stricturing and those who developed penetrating lesions were compared, independent discriminating factors were the number of flares (higher in penetrating disease, as already discussed) and ileal location, as well as the familial form of the disease (more frequent in patients who developed stricturing lesions). The association between stricturing disease and familial disease has already been described but was thought to be mainly linked to ileal location and early age at onset. 40 Interestingly, a familial history of the disease was associated with stricturing behaviour in our study independent of ileal location or age at onset.
In the univariate analysis, ASCA were significantly more frequent in patients with penetrating lesions. An association had already been suggested between ASCA and the penetrating phenotype. 26 In the present study however, this association was not independent, indicating that ASCA status does not represent a significant marker associated with disease behaviour. A similar conclusion can be drawn for steroid use, associated in the univariate analysis with penetrating behaviour but no longer present after multivariate analysis. This is probably due to the correlation between the number of flares independently associated with disease behaviour and steroid use. With regard to treatment, we found no association between immunosuppressive treatment and disease behaviour. Very few patients were receiving immunosuppressive treatments however, mainly because we studied the early phase of the disease up to five years after diagnosis and because immunosuppressive treatments are often started after the development of penetrating lesions. The influence of immunosuppressive treatments or biotherapies on disease behaviour should be an area of study in a larger sample of treated patients.
Importantly, in this study we found no association between NOD2/CARD15 variants and disease behaviour. This is in contrast with reported studies. 9 10 17-19 However, in those previous studies, results were partly discordant, criteria used to classify disease behaviour were inhomogeneous, and duration of disease before definition of disease behaviour was not taken into account. It must also be emphasised that the recently documented association between NOD2/CARD15 mutations and ileal location may induce secondary association with stricturing behaviour. 10 Therefore, we believe that these previous data are inconclusive. Our study is the first to have carefully analysed this point, with a validated classification, and we can conclude that there is no major influence of NOD2/CARD15 genotype on CD behaviour. However, we cannot exclude a small influence, acting slowly and having an impact on disease behaviour after a longer period of time. This should be tested in an adequately designed study.
In conclusion, we have shown that ileal location of CD and aggressive disease with a high number of flares were independently associated with rapid development of stricturing and penetrating disease, respectively. Smoking habit was also significantly associated with the development of penetrating behaviour while there was no association between NOD2/CARD15 genotype and evolution of disease behaviour. When studying potential associations between genetic markers and disease behaviour in CD, patients should be stratified according to disease location, disease aggressiveness, and also probably smoking habit. 
